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(54) LINE LIGHT SOURCE AND MANUFACTURE THEREOF 

(57)Abstract: . 

PROBLEM TO BE SOLVED: To provide uniform 
illuminance by laminating a hole carrying layer and a 
light-emitting layer or laminating a hole-carrying layer, a 
light-emitting layer, and an electron transparent layer in 
this order .for forming a thin film layer and setting a film 
thickness deviation to be a specific value or less. 
SOLUTION: An anode 2 made of ITO and formed into a 
film on a glass substrate 1 by means of a sputtering 
method is put inside a chamber dedicated to form a thin 
film layer, and a hole transport layer 3a made of TPD, a 
light- emitting layer 3b prepared by mixing a minute 
amount of quinacridone with Alq3 f and Alq3 electron 
transport layer 3c are formed and laminated into a 
lamination layer 3 through a vacuum deposition method. 
Then, a Mg-Ag alloy negative electrode 4 is similarly 
formed into a film through a vacuum deposition method. 
In this way, the film thickness deviation of the thin film 
layer 3 can be set to 5% or less. When a current is let 
flow with the anode 2 is set as 'positive' and the cathode 
4 is set as 'negative', light with the substantially same spectrum as a fluorescent spectrum of a 
light-emitting material is emitted from the light-emitting layer 3b and discharged via the 
substrare 1 . A luminance deviation and an illuminance deviation of a line source provided with 
the thin film layer all become 15%. 
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[0040] The light emitting area of the present embodiment is 
divided into a plurality of section along the longitudinal 
direction to form linear light source. The light emitting 
area is divided by devising the patterning of the anode, the 
5 thin film layer, or the cathode. That is, the light emitting 
area is divided by forming non-laminated portions in which the 
anode and cathode are not laminated with the thin film layer 
in between. For example, as shown in Fig. 3, an anode is 
patterned such that a plurality of extended portions are 

10 formed. Subsequently, a cathode is patterned on each of the 
extended portions with a thin film in between. Accordingly, 
the light emitting area is divided into a plurality of 
sections by forming non-laminated portions in which the anode 
and cathode are not laminated with the thin film layer in 

15 between. Also, the cathode is patterned such that a plurality 
of extended portions are formed. Each extended portion of the 
cathode is laminated on the thin film layer linearly patterned 
on the anode. Accordingly, non-laminated portions, in which 
the anode and the cathode are not laminated with the thin fill 

20 layer in between, are formed so that the light emitting area 
is divided into a plurality of sections. Each light emitting 
area preferably has a length of 2 to 50 mm. 

[0041] The clearances between adjacent light emitting areas 
preferably have the same length to avoid influencing the 

25 luminance variation of the linear light source. The 
clearances preferably have a length of 1 to 20 mm. 
[0042] The luminance variation in the above described linear 
light source is influenced by the variation of the average 
brightnesses of the light emitting areas, but not by the 

30 brightness variation in each of the light emitting areas. 

Therefore, the linear light source thus constructed does not 

require a uniform film thickness variation as long as the 

average brightnesses of the light emitting areas are 

substantially the same. The linear light source may therefore 

35 have a thin film layer formed by a normally used method. 
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[0043] On the other hand, when the heat radiation performance 
a thin film light emitting element is taken into 
consideration, the following linear light source is more 
advantageous than the above described linear light source, 
5 which has divided light emitting areas on the same substrate. 
The linear light source of a higher heat radiation performance 
includes a heat radiation substrate of a high thermal 
conductivity with terminals for anodes and cathodes. A 
plurality of small linear light source segments are linearly 
10 arranged on the substrate. The anodes and the cathodes of the 
linear light source segments are electrically connected to 
each other by the terminals. 

[0044] The length of the small linear light source segments is 
preferably 2 to 50 mm. The small linear light source segments 

15 are preferably spaced from one another in order to improve the 
heat radiation performance. The clearance is preferably 1 to 
20 mm. The heat radiation substrate may be any type of plate 
as long as it has a high thermal conductivity. The heat 
radiation substrate, for example, may be made of metal oxide 

20 or metal such as Al, Cu, and Fe . The terminals, for example, 
may be made of Cu, Ag, Al, or Au. 

[0045] In a thin film light emitting element, the brightness 
in relation to voltage is significantly influence by the film 
thickness. However, the brightness in relation to current 

25 density is hardly influenced by the film thickness. 

Therefore, if a plurality of thin film light emitting elements 
are connected in series, the current values in all the 
elements are equalized. By equalizing the areas of the thin 
film light emitting elements, the current densities of the 

30 elements are equalized. The brightnesses of the elements are 
equalized accordingly. Therefore, if a linear light source 
has a plurality of thin film light emitting elements that are 
connected in sears and have the same area, the film thickness 
does not need to be uniform. The luminance of the linear 

35 light source is therefore easily made uniform. 
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[0046] Even in the case of such a linear light source, the 
brightness variation in each thin film light emitting element 
is influenced by the thickness variation. In this respect, if 
the light emitting area is divided into a moderately small 
5 segments, the illuminance variation of the entire linear light 
source is hardly influenced. In this case, the length of the 
light emitting areas is preferably 2 to 20 mm. 

10 [0060] Fourth embodiment 

Another invention of the present invention will now be 
described with reference to Figs. 5 and 7. A plurality of 
linear anodes 2 (film thickness 150 nm) made of ITO are formed 
on a glass substrate 1 by sputtering method. A metal mask 15 

15 for forming thin fill layer is placed on and held in close 
contact with the substrate 1, and a plurality of thin film 
layers 3 are formed on parts of the anode by resistance 
heating vacuum deposition method. Each thin film layer 3 
includes a hole transport layer (thickness of 70 nm) , a light 

20 emitting layer (thickness of 10 nm) formed by adding a trace 
amount of quinacridone to Alq 3 , and an electron transport 
layer (thickness of 60 nm) made of Al 3 . Then, the metal mask 
15 is replaced by a metal mask 16 for forming cathode film in 
vacuum. A cathode 4 (thickness of 200 nm) made of an alloy of 

25 MgAg is formed on the anode of one of each adjacent pair of 
the thin film light emitting elements from each thin film 
layer. The replacement of the metal mask was performed by a 
mask replacement mechanism of the deposition apparatus. Since 
the material of the thin film and the material of the cathodes 

30 both reach only the openings of the metal mask, a pattern of 

film as shown in Fig. 7(d) is obtained. According to this 

method, the connection of the anodes 2 and the cathodes 4 

between adjacent pairs of the thin film light emitting element 

is realized in the film forming process. 

35 [0061] Accordingly, a series circuit as shown in Fig. 5(b) was 

- 3 - 
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obtained, and the current values in all the light emitting 
areas were equalized. To obtain a constant brightness, the 
current densities are preferably equalized. Therefore, the 
film was formed such that the light emitting areas had the 
5 same size. 

[0062] The conditions that need to be met so that the 
relationship between current density and brightness is not 
influenced by the thickness of a thin film will now be 
explained with reference to Fig. 6. Holes 10 are injected 

10 into the anode 2, and electrons 11 are injected into the 

cathode 4. The holes 10 and the electrons 11 recombine in a 
portion of the light emitting layer 3b near the interface 
between the hole transport layer 3a and the light emitting 
layer 3b. Fluorescent pigment molecules in the light emitting 

15 layer become excitons by the recombination energy. When 

returning to the ground state, the excitons emit light at a 
certain probability. The probability depends upon the type of 
the light emitting material. If a trace amount of another 
type of fluorescent pigment having a low exciton energy is 

20 dispersed in the light emitting layer, the probability is 
increased. 

[0063] The probability is lowered by heating of the elements. 
The closer the excitons are to an electrode, the lower the 
probability becomes. Specifically, the probability drops 
25 significantly when the distance from the electrode is equal to 
or less than 30 nm. 

[0064] In this respect, according to the fourth embodiment, a 

distance 13 from the interface between the light emitting 

layer 3b and the hole transport layer 3a, in which excitons 

30 are generated, and a distance 14 from the interface to the 

cathode 4 were set to 50 nm. The obtained linear light source 

had a length of 220 mm. When a voltage of 10V was applied, 

the light source had a brightness of 1000 cd/m 2 , and a 

brightness variation of 15%. 

35 [0065] At this time, although the film thickness variation 
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among the light emitting areas was 20%, the brightness 
variation was suppressed to level equal to or less than 10% at 
the voltage of 10V. Also, the brightness variation in a 
linear section spaced from the light emitting surface by 3 mm 
5 was 5%. 
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